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,QWHUQDORU([WHUQDO.QRZOHGJH:KLFKLV0RUH,PSRUWDQWIRUWKH3HUIRUPDQFH
RI1DWLRQDO/DERUDWRULHVLQ7HFKQRORJ\/DWHFRPHU&RXQWULHV"

3DWWUDYDGHH3OR\NLWLNRRQ&KDUOHV0:HEHU
'HSDUWPHQWRI(QJLQHHULQJDQG7HFKQRORJ\0DQDJHPHQW3RUWODQG6WDWH8QLYHUVLW\3RUWODQG2586$
 
Abstract²7KH QDWLRQDO ODERUDWRULHV LQ FRXQWULHV WKDW DUH
ODWHFRPHUV WR DGYDQFHG WHFKQRORJLFDO GHYHORSPHQW DUH
FRQVLGHUHG D VLJQLILFDQW VRXUFH RI VFLHQWLILF NQRZOHGJH DQG
WHFKQRORJ\ IRU ORFDO LQGXVWULHV WKDW WKH QDWLRQDO JRYHUQPHQW
GHHPVVWUDWHJLFDQGIRUGHYHORSLQJWKHFRXQWU\¶VLQIUDVWUXFWXUH
7KLVNQRZOHGJHFRPHVIURPERWKLQVLGHDQGRXWVLGHWKHQDWLRQDO
ODERUDWRULHV:H LQYHVWLJDWH WKHUHODWLYH LPSDFWRI LQWHUQDODQG
H[WHUQDO VRXUFHV RI NQRZOHGJH RQ WKH SHUIRUPDQFH RI WKH
QDWLRQDO ODERUDWRULHV RI D UDSLGO\ GHYHORSLQJ FRXQWU\ ZKRVH
VWDWHG PLVVLRQV DUH  VDWLVI\LQJ WKH QHHGV RI WDUJHWHG ORFDO
WHFKQRORJ\ XVHUV  FRPPHUFLDOL]DWLRQ RI WHFKQRORJ\ DQG 
GHYHORSLQJ D ORQJWHUP 5	' FDSDELOLW\ IRU WKH FRXQWU\ :H
FRQGXFW D VXUYH\EDVHG VWXG\ ZKLFK FRYHUV  UHFHQWO\
FRPSOHWHG 5	' SURMHFWV WKDW VSDQ WKUHH LQGXVWULHV
ELRWHFKQRORJ\ HOHFWURQLFV DQG FRPSXWHUV PDWHULDOV DQG QDQR
PDWHULDOV 2XU VWXG\ ILQGV WKDW UHJDUGOHVV RI PLVVLRQ
NQRZOHGJH IURP H[WHUQDO VRXUFHV LPSDFWV SHUIRUPDQFH PRUH
VLJQLILFDQWO\ WKDQ LQWHUQDO NQRZOHGJH GRHV 7KH LPSDFW RQ
SHUIRUPDQFH LV JUHDWHVW ZKHQ NQRZOHGJH IURP LQWHUQDO DQG
H[WHUQDO VRXUFHV LVXVHG LQFRQMXQFWLRQ:HFRQVHTXHQWO\PDNH
WKH FDVH IRU DQ RSHQ LQQRYDWLRQ SROLF\ IRU WKH QDWLRQDO
ODERUDWRULHV LQ WHFKQRORJ\ ODWHFRPHU FRXQWULHV DQG IRU
LPSOHPHQWLQJ SUDFWLFHV WKDW HQKDQFH WKH FDSDFLW\ WR DEVRUE
NQRZOHGJH WKDW IORZV LQWR WKH QDWLRQDO ODERUDWRULHV IURP
H[WHUQDOVRXUFHV
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,QPRVWFRXQWULHVWKHQDWLRQDOODERUDWRULHVDUHFRQVLGHUHG
D VLJQLILFDQW VRXUFH RI VFLHQWLILF NQRZOHGJH DQG WHFKQRORJ\
IRU WDUJHWHG ORFDO LQGXVWULHV WKDW WKH QDWLRQDO JRYHUQPHQW
GHHPVVWUDWHJLFDQGIRUORFDOSXEOLFDJHQFLHVWKDWDUHHQJDJHG
LQ GHYHORSLQJ WKH FRXQWU\¶V LQIUDVWUXFWXUH >@ >@  ,Q
FRXQWULHV WKDW DUH WHFKQRORJLFDO ODWHFRPHUV  WKH QDWLRQDO
ODERUDWRULHV WHQG WR ODFN WKH H[SHULHQFH H[SHUWLVH DQG
ILQDQFLDOUHVRXUFHVWRSHUIRUPIXQGDPHQWDOUHVHDUFKFRQGXFW
DQGDSSOLHGUHVHDUFKDQGGHYHORSDGYDQFHGWHFKQRORJLHV>@
>@ 7KH\ FRQVHTXHQWO\ GHSHQG RQ H[WHUQDO VRXUFHV RI
NQRZOHGJH PXFK PRUH WKDQ WKHLU FRXQWHUSDUWV LQ GHYHORSHG
FRXQWULHVGR >@ >@>@.QRZOHGJH IURPH[WHUQDO VRXUFHV
KDV WR EH FRPELQHG ZLWK NQRZOHGJH WKDW UHVLGHV ZLWKLQ WKH
QDWLRQDO ODERUDWRULHV IRU WKHQDWLRQDO ODERUDWRULHV WRSHUIRUP
WKHPLVVLRQVIRUZKLFKWKH\ZHUHHVWDEOLVKHG 7KLVPDQGDWH
UDLVHV WKH IROORZLQJ TXHVWLRQ RI LQWHUHVW :KLFK LV PRUH
LPSRUWDQW IRU WKH SHUIRUPDQFH RI QDWLRQDO ODERUDWRULHV LQ

 $FFRUGLQJ WR )DJHUEHUJ DQG FROOHDJXHV >@ WHFKQRORJLFDO ODWHFRPHU
FRXQWULHVVXFKDV7KDLODQG,QGRQHVLD&KLOHDQG3DNLVWDQDUHPDNLQJHIIRUWV
WR DGYDQFH ERWK WHFKQRORJLFDOO\ DQG HFRQRPLFDOO\ EXW VWLOO ODJ EHKLQG
FRXQWULHV VXFK DV 6RXWK .RUHD 7DLZDQ DQG 6LQJDSRUH ZKLFK DUH
DSSURDFKLQJDGYDQFHGVWDJHVRIGHYHORSPHQW
WHFKQRORJ\ ODWHFRPHU FRXQWULHV²LQWHUQDO RU H[WHUQDO
NQRZOHGJH"

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
7KH QDWLRQDO ODERUDWRULHV LQ WHFKQRORJ\ ODWHFRPHU
FRXQWULHVWHQGWRSXUVXHWKHIROORZLQJWKUHHPLVVLRQVWKDWWKH
JRYHUQPHQWRIWKHVHFRXQWULHVFRQVLGHUVFULWLFDODGRSWDQG
DGDSW WHFKQRORJ\ IRU EHQHILWV ORFDO LQGXVWU\ DQG SXEOLF
DJHQFLHV WKDW GHYHORS QDWLRQDO LQIUDVWUXFWXUH i.e.
RUJDQL]DWLRQDO HQWLWLHV WKDW ZLOO KHQFHIRUWK EH UHIHUUHG WR DV
ORFDO WHFKQRORJ\ XVHUV RU /78V >@ >@ >@>@ 
FRPPHUFLDOL]H WHFKQRORJ\ IRU ILQDQFLDO EHQHILW RI WKH
RUJDQL]DWLRQV ZLWKLQ WKH QDWLRQDO ODERUDWRULHV WKHPVHOYHV
>@ DQG  UHWDLQ DQG VXVWDLQ WHFKQRORJLFDO FDSDELOLW\ WR
JHQHUDWHDQH[SHULHQFHEDVHIRUWKHGHPDQGVRIWKHIXWXUHRI
WKH FRXQWU\ >@ >@7R VXFFHHG DW WKHVH WKUHHPLVVLRQV WKH
QDWLRQDO ODERUDWRULHV QHHG WR GHOLYHU PDQ\ VXFFHVVIXO 5	'
SURMHFWV HQJDJH ZLWK H[WHUQDO VRXUFHV RI NQRZOHGJH IRU
DFTXLULQJQHZNQRZOHGJHDVZHOODVHVWDEOLVKDQGVWUHQJWKHQ
LQWHUQDO5	'XQLWVRUSURMHFWJURXSVDVD VRXUFHRI LQWHUQDO
NQRZOHGJH WKDW EXLOGV XS WHDP¶V FDSDFLW\ WR DEVRUE
NQRZOHGJHIURPRXWVLGHWKHSURMHFWJURXS>@
.QRZOHGJH WKDW UHVLGHV ZLWKLQ WKH SURMHFW JURXS FDQ EH
GHYHORSHG WKURXJK GHOLEHUDWH SURMHFWLQWHUQDO OHDUQLQJ
DFWLYLWLHV (PILAs) >@>@ ZKLOH WKH SURMHFW LV RQJRLQJ
$OWHUQDWLYHO\ LQWHUQDO NQRZOHGJH FDQ EH DFTXLUHG E\
HQJDJLQJ LQ LQWHUQDODQGH[WHUQDO OHDUQLQJEHIRUH WKHSURMHFW
EHJLQV6XFKNQRZOHGJHFDQEHDERXWWKHFRUHWHFKQRORJ\WR
EHGHYHORSHGLQWKHSURMHFWRUDERXWVXEMHFWPDWWHUUHODWHGWR
WKH FRQWH[W RI WKH SURMHFW >@ .QRZOHGJH FDQ DOVR EH
EURXJKW LQWR WKH SURMHFW JURXS E\ KLULQJ >@ WHFKQLFDO
SHUVRQQHO WKDW KDV H[WHQVLYH ZRUN H[SHULHQFH SHUWDLQLQJ WR
VXEMHFW PDWWHU WKDW LV UHOHYDQW WR WKH SURMHFW  6XFK
H[SHULHQFHGSHUVRQQHOFDQEH³JUDIWHG´>@IURPRWKHU5	'
XQLWV (ORDUs) RU SURMHFW JURXSV ZLWKLQ WKH QDWLRQDO
ODERUDWRULHV IURP ORFDO WHFKQRORJ\ XVHUV RU IURP IRUHLJQ
RZQHGILUPV
.QRZOHGJH FDQ IORZ LQWR D SURMHFW JURXS ZLWKLQ WKH
QDWLRQDOODERUDWRULHVGLUHFWO\ LI WKHSURMHFWJURXSHQJDJHVLQ
H[WHUQDOOHDUQLQJHJ>@ZLWKDYDULHW\RIVRXUFHV7KHVH
LQFOXGH 25'8V IURP LQVLGH WKH QDWLRQDO ODERUDWRULHV >@
/78V >@ ORFDOXQLYHUVLWLHV >@ DQG LQWHUQDWLRQDO VRXUFHV
RI NQRZOHGJH VXFK DV IRUHLJQRZQHG ILUPV DQG IRUHLJQ
XQLYHUVLWLHV>@([WHUQDOOHDUQLQJDFWLYLWLHVFRPHLQRQHRI
WZR IODYRUV FRQWH[WXDO RU YLFDULRXV >@  &RQWH[WXDO
/HDUQLQJ $FWLYLWLHV (CLAs) FRQVLVW RI VFDQQLQJ WKH
HQYLURQPHQW IRU LQIRUPDWLRQ DQG LGHDV DERXW FRPSHWLWRUV
FXVWRPHUV DQG WHFKQRORJLFDO WUHQGV >@>@ 7KH\ HQDEOH
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
JURXSPHPEHUVWRHQKDQFHWKHLUDZDUHQHVVRIFXUUHQWHYHQWV
WKDWDUHWDNLQJSODFHRXWVLGHWKHLURUJDQL]DWLRQ%\FRQWUDVW
9LFDULRXV /HDUQLQJ $FWLYLWLHV (VLAs) FRQVLVW RI JURXS
OHDUQLQJWKURXJKZKLFKDQRUJDQL]DWLRQDFTXLUHVVHFRQGKDQG
H[SHULHQFH DERXW LWV RQJRLQJ SURMHFW IURP H[SHULHQFHG
RXWVLGHUV>@>@>@>@
:KLOH LQWHUQDO DQG H[WHUQDO OHDUQLQJ KDYH EHHQ VWXGLHG
H[WHQVLYHO\ DQG GLVFXVVHG LQ WKH DFDGHPLF OLWHUDWXUH e.g.
>@>@ >@>@ WKHVH SKHQRPHQD KDYH QRW EHHQ
VXIILFLHQWO\ LQYHVWLJDWHG LQ WKH QDWLRQDO ODERUDWRULHV RI
WHFKQRORJ\ ODWHFRPHUFRXQWULHV<HW LW LV LQVHWWLQJVVXFKDV
WKHVH WKDW H[WHUQDO DQG LQWHUQDO OHDUQLQJ FDQ KDYH HQRUPRXV
SUDFWLFDO LPSDFW EHFDXVH WKH\ GLUHFWO\ LQIOXHQFH QDWLRQDO
SROLF\ ,Q SDUWLFXODU SROLF\ PDNHUV LQ ODWHFRPHU FRXQWULHV
ZRXOG ZDQW WR NQRZ ZKHWKHU WKH\ VKRXOG LQYHVW PRUH LQ
GHYHORSLQJ LQWHUQDO VRXUFHV RI NQRZOHGJH RU ZKHWKHU WKH\
VKRXOG HQFRXUDJH HQJDJHPHQW DQG QHZ LQYHVWPHQW LQ
H[WHUQDOVRXUFHVRINQRZOHGJHWRLQFUHDVHWKHSHUIRUPDQFHRI
WKH QDWLRQDO ODERUDWRULHV 7KLV SDSHU FRQVHTXHQWO\ DGGUHVVHV
WKH IROORZLQJ UHVHDUFKTXHVWLRQ:KDW LV WKH UHODWLYH LPSDFW
RI LQWHUQDO DQG H[WHUQDO NQRZOHGJH RQ WKH SHUIRUPDQFH RI
QDWLRQDOODERUDWRULHVLQWHFKQRORJ\ODWHFRPHUFRXQWULHV"

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
7R DQVZHU WKH UHVHDUFK TXHVWLRQ IURP DERYH ZH
SHUIRUPHG DQ HPSLULFDO VWXG\ RI H[WHUQDO DQG LQWHUQDO
OHDUQLQJLQWKHQDWLRQDOODERUDWRULHVRIDSDUWLFXODUWHFKQRORJ\
ODWHFRPHU FRXQWU\ KHQFHIRUWK UHIHUUHG WR DV 1/7/& :H
FKRVH1/7/&DVDVHWWLQJIRUWKLVVWXG\EHFDXVHLQWHUQDODQG
H[WHUQDO OHDUQLQJ DUH REVHUYDEOH DW 1/7/& DQG EHFDXVH
DFKLHYLQJPLVVLRQVDQGIURPDERYHLVVWDWHGSROLF\DW
1/7/& :H FRQGXFWHG D VXUYH\ RI  5	' SURMHFWV
PDQDJHUVZLWKWKHLQWHQWRILGHQWLI\LQJNH\IDFWRUVUHODWHGWR
H[WHUQDO DQG LQWHUQDO NQRZOHGJH DQG LWV LPSDFW RQ WKH
SHUIRUPDQFH RI 5	' SURMHFWV 7KXV 5	' SURMHFWV ZLWKLQ
1/7/&DUHWKHXQLWRIDQDO\VLVRIRXUVWXG\2XUWRWDOVDPSOH
VL]H ZDV  5	' SURMHFWV ZKLFK ZHUH FRPSOHWHG LQ
1/7/&OHVVWKDQWZR\HDUVEHIRUHWKHVXUYH\ZDVFRQGXFWHG
7KHVXUYH\FRYHUVWKUHHLQGXVWULHVELRWHFKQRORJ\HOHFWURQLFV
DQG FRPSXWHUV DQG PDWHULDOV DQG QDQRPDWHULDOV ,W ZDV
DGPLQLVWHUHGGLUHFWO\ WRSURMHFWPDQDJHUV LQDTXHVWLRQQDLUH
'XH WR VWURQJ VXSSRUW IURP WKH GLUHFWRU RI 1/7/& DQG KLV
H[HFXWLYHWHDPZHUHFHLYHGDUHVSRQVHUDWH
7KHVXUYH\FRQWDLQHGTXHVWLRQVDQGVWDWHPHQWV UHJDUGLQJ
LQSXWYDULDEOHV,9VDQGPRGHUDWLQJYDULDEOHV09V,QSXW
YDULDEOHV DGGUHVV NQRZOHGJH LQIORZV ZKHUHDV PRGHUDWLQJ
YDULDEOHVSHUWDLQWRNQRZOHGJHWKDWUHVLGHVLQRULVJHQHUDWHG
ZLWKLQ SURMHFW JURXSV 7KH SURMHFW PDQDJHUV UHVSRQGHG WR
TXHVWLRQVUHJDUGLQJWKHVHYDULDEOHVRQDSRLQW/LNHUWVFDOH
4XHVWLRQV DQG VWDWHPHQWV SHUWDLQLQJ WR JHQHUDO LQIRUPDWLRQ
DERXW 1/7/& DQG RXWSXW YDULDEOHV WKDW DVVHVV WKH
SHUIRUPDQFH RI SURMHFWV ZHUH DOVR LQFOXGHG LQ WKH VXUYH\
7KH\ DUH GHWDLOHG LQ WDEOHV LQ $SSHQGL[ $ DQG $SSHQGL[
$UHVSHFWLYHO\
7KH RXWSXW YDULDEOH IRU PLVVLRQ  29 PHDVXUHV WKH
OLNHOLKRRGRIGRLQJDQRWKHUSURMHFWZLWKSURMHFWJURXSXQGHU
VWXG\RQDSRLQW/LNHUWVFDOH7KHORZHUVDPSOHVL]HRI
SURMHFWV IRU29UHVXOWV IURP UHVSRQGHQWVQRWEHLQJDEOH WR
DQVZHU DOO TXHVWLRQV LQ WKH VXUYH\ 7KH RXWSXW YDULDEOH IRU
PLVVLRQ  29 LV PHDVXUHG E\ WKH SUREDELOLW\ RI
FRPPHUFLDOL]LQJD WHFKQRORJ\IURPDSDUWLFXODUSURMHFW7KH
RXWSXWSHUWDLQLQJWRPLVVLRQORQJWHUP5	'FDSDELOLW\LV
PHDVXUHG E\ XVLQJ WKUHH FULWHULD  WKH SUREDELOLW\ RI
JHQHUDWLQJ DW OHDVW RQH SXEOLFDWLRQ IURP D SDUWLFXODU SURMHFW
29  WKH SUREDELOLW\ RI JHQHUDWLQJ RQH LWHP RI
LQWHOOHFWXDO SURSHUW\ SDWHQW RU FRS\ULJKW IURP WKH SURMHFW
29 DQG  WKH YHUVDWLOLW\ RI WHFKQRORJ\ GHYHORSHG DV
SDUW RI D SURMHFW DV PHDVXUHG E\ QXPEHUV RI LQGXVWU\
DSSOLFDWLRQV RI WKDW WHFKQRORJ\ WKDW WKH UHVSRQGHQWV FRXOG
LGHQWLI\RQDOLVW29VHH$SSHQGL[%
$SSHQGL[HV $ DQG $ LOOXVWUDWH KRZ WKH FRQVWUXFWV
XQGHULQYHVWLJDWLRQUHODWHWRWKHFRGHVIRUWKHLQSXWYDULDEOHV
WKDWZHUHPHDVXUHGDQGWKHTXHVWLRQVLQWKHTXHVWLRQQDLUHWR
ZKLFKWKH\FRUUHVSRQG7KHWDEOHLQ$SSHQGL[$GHWDLOVWKH
FRQVWUXFWV WKH QDPHV RI LQSXW YDULDEOHV DQG TXHVWLRQV
SHUWDLQLQJ WR FRQWH[WXDO OHDUQLQJ DERXW RWKHU 5	' XQLWV
ZLWKLQWKH1/7/&ORFDOXQLYHUVLWLHVLQWHUQDWLRQDOVRXUFHVRI
NQRZOHGJHDQGORFDOWHFKQRORJ\XVHUV$SSHQGL[$GHWDLOV
FRQVWUXFWV YDULDEOHV DQG TXHVWLRQV SHUWDLQLQJ WR YLFDULRXV
OHDUQLQJZLWKWKHVDPHHQWLWLHV
$SSHQGL[HV$$DQG$LOOXVWUDWHKRZWKHFRQVWUXFWV
XQGHU LQYHVWLJDWLRQ UHODWH WR WKH FRGHV IRU WKH PRGHUDWLQJ
YDULDEOHV WKDW ZHUH PHDVXUHG DQG WKH TXHVWLRQV LQ WKH
TXHVWLRQQDLUH WR ZKLFK WKH\ FRUUHVSRQG 7KH WDEOH LQ
$SSHQGL[$GHWDLOVWKHFRQVWUXFWVWKHQDPHVRIPRGHUDWLQJ
YDULDEOHV DQG TXHVWLRQV SHUWDLQLQJ WR SULRU NQRZOHGJH >@
LH NQRZOHGJH WKDW UHVLGHG ZLWKLQ WKH SURMHFW JURXS EHIRUH
WKHSURMHFWEHJDQ 7KHWDEOHLQ$SSHQGL[$GRHVOLNHZLVH
IRU SURMHFWLQWHUQDO OHDUQLQJ DFWLYLWLHV 3,/$V  $SSHQGL[
$ FRYHUV WKH SULRU HGXFDWLRQDO H[SHULHQFH RI WHDP
PHPEHUVZKLFK FRXOGKDYH EHHQ DFFXPXODWHG DW IRUHLJQRU
GRPHVWLFXQLYHUVLWLHVDVZHOODVSULRUZRUNH[SHULHQFH>@
ZKLFK FRXOG KDYH EHHQ DFFUXHG DEURDG DW ORFDO WHFKQRORJ\
XVHUVRUDWRWKHU5	'XQLWVZLWKLQ1/7/&
'DWD DQDO\VLV FRQVLVWHG RI D IDFWRU DQDO\VLVIROORZHG E\
ILYHPXOWLSOHUHJUHVVLRQPRGHOVIRUHDFKRXWSXWYDULDEOH7KH
IDFWRU DQDO\VLV LGHQWLILHG IDFWRUV WKDW SHUWDLQHG WR 1/7/&¶V

 $SSHQGL[ % GHVFULEHV  SRWHQWLDO FKRLFHV RI LQGXVWU\ DSSOLFDWLRQV IRU
297KHQXPEHURIVWUDWHJLFSURJUDPVLQZKLFKWKHRXWSXWRIWKHSURMHFW
FDQEHDSSOLHGLVWUDQVODWHGLQWRDQRUGLQDOVFDOHWKDWFRQVLVWVRIWKHIROORZLQJ
VL[FODVVHVPHDQVWKHRXWSXWFRXOGQRWEHDSSOLHGLQDQ\VWUDWHJLFSURJUDP
PHDQV WKHRXWSXWFRXOGEHDSSOLHG LQRQHVWUDWHJLFSURJUDPPHDQV WKH
RXWSXWFRXOGEHDSSOLHGLQWZRVWUDWHJLFSURJUDPVPHDQVWKHRXWSXWFRXOG
EHDSSOLHGLQWKUHHVWUDWHJLFSURJUDPVPHDQVWKHRXWSXWFRXOGEHDSSOLHGLQ
VWUDWHJLFSURJUDPVDQGPHDQVWKHRXWSXWFRXOGEHDSSOLHGLQPRUHWKDQ
IRXUVWUDWHJLFSURJUDPV
 ([WUDFWLRQ PHWKRG 3ULQFLSDO &RPSRQHQW $QDO\VLV 5RWDWLRQ PHWKRG
9DULPD[ZLWK.DLVHUQRUPDOL]DWLRQ
6WHSZLVHEDFNZDUGZDVXVHG IRUEXLOGLQJ UHJUHVVLRQPRGHOVEHFDXVH WKDW
DSSURDFK ³UXQV ORZHU ULVN RI PLVVLQJ D SUHGLFWRU WKDWSUHGLFWV WKH RXWFRPH
WKDQ WKH IRUZDUGPHWKRG´ >@SSDQG LWZRUNVZKHQ WKHUHDUH
PDQ\SUHGLFWRUVLQWKHPRGHO
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
LQWHUQDO DQG H[WHUQDO VRXUFHV RI NQRZOHGJH 7KH ILYH
UHJUHVVLRQPRGHOVDVVHVVHGWKHUHODWLYHLPSDFWRI WKHIDFWRUV
RQWKHSHUIRUPDQFHRIWKHQDWLRQDOODERUDWRULHV0RGHOWKH
NQRZOHGJHLQIORZEDVHOLQHLQFOXGHVIDFWRUVIURPRXWVLGHWKH
SURMHFW JURXS RQO\ 0RGHO  WKH SURMHFW JURXS EDVHOLQH
FRQWDLQV IDFWRUV IURP LQVLGH WKH SURMHFW JURXS RQO\ 0RGHO
 WKH LQWUDRUJDQL]DWLRQ EDVHOLQH LQFOXGHV IDFWRUV IURP
LQVLGH WKH QDWLRQDO ODERUDWRULHV LH SURMHFW LQWHUQDO IDFWRUV
DQG IDFWRUV SHUWDLQLQJ WR H[WHUQDO OHDUQLQJ IURP RWKHU 5	'
SURMHFW JURXSV  0RGHO  WKH LQWHJUDWHG PRGHO FRYHUV DOO
IDFWRUVIURPPRGHODQG0RGHOWKHLQWHUDFWLRQPRGHO
LQFOXGHV DOPRVWDOO IDFWRUV IURP PRGHO  DQG PRGHO  DV
ZHOODVWKHLULQWHUDFWLRQV
7KH UHODWLYH LPSDFW RI LQWHUQDO NQRZOHGJH DQG H[WHUQDO
NQRZOHGJH RQ SURMHFW SHUIRUPDQFH ZDV DVVHVVHG E\
EHQFKPDUNLQJ WKH PRGHO¶V SUHGLFWLYH SRZHU DQG WKH WRWDO
YDULDQFH WKDW WKH GLIIHUHQW UHJUHVVLRQ PRGHOV H[SODLQHG
%HQFKPDUNLQJ FULWHULD LQFOXGH 5 $GMXVWHG 5 DQG )UDWLR
IRU PXOWLSOH UHJUHVVLRQV SHUWDLQLQJ WR 29 DQG 29
/RJLVWLFPXOWLSOH UHJUHVVLRQVKDG WREHUXQ IRU2929
DQG29EHFDXVHWKHVHRXWSXWYDULDEOHVZHUHGHULYHGIURP
ELQDU\ GDWD 7KH &R[ 	 6QHOO 5 WKH 1DJHONHUNH¶V 5 WKH
&KL6TXDUH DQG WKH SHUFHQWDJH FRUUHFW DUH XVHG IRU
EHQFKPDUNLQJ WKH YDULDQFH H[SODLQHG E\ DQG WKH SUHGLFWLRQ
SRZHURIWKHVHUHJUHVVLRQV

,9 5(68/76

7KH IDFWRU DQDO\VLV KDV LGHQWLILHG  IDFWRUV ZKLFK
LQFOXGH DOO LQSXW YDULDEOHV DQG PRGHUDWLQJ YDULDEOHV XQGHU
VWXG\ VHH$SSHQGL[&DQG$SSHQGL[' 7KH ODEHO),9 LV
DVVLJQHG WR IDFWRUV FRPSRVHG RI LQSXW YDULDEOHV WKH ODEHO
0,9 LV DVVLJQHG WR IDFWRUV FRPSRVHG RI PRGHUDWLQJ
YDULDEOHV 7KH IDFWRUV DUH RUWKRJRQDO VR PXOWLFROOLQHDULW\
SUREOHPVGHVFULEHGLQ>@GLGQRWRFFXULQWKHUHJUHVVLRQV
WKDW ZHUH VXEVHTXHQWO\ SHUIRUPHG &XPXODWLYHO\ WKH 
IDFWRUV H[SODLQ  RI WKH YDULDQFH 7KH FRQVWUXFWV RI WKH
ILUVW  IDFWRUV DUH UHOLDEOH ZLWK &URQEDFK¶V DOSKD DOZD\V
EHLQJ JUHDWHU WKDQ   7KH ODVW VL[ IDFWRUV UHSRUW QR
&URQEDFK¶VDOSKDVLQFHWKH\DUHLQGLYLGXDOYDULDEOHV
7KH IDFWRU DQDO\VLV FRXOG QRW LGHQWLI\ D WUXO\ GRPLQDQW
IDFWRU RU VPDOO JURXS RI IDFWRUV WKDW H[SODLQ PRVW RI WKH
YDULDWLRQ 3,/$ LV WKH PRVW VLJQLILFDQW IDFWRU WKH QH[W ILYH
IDFWRUV SHUWDLQ WR YLFDULRXV OHDUQLQJ DFWLYLW\  7KH YLFDULRXV
OHDUQLQJ IDFWRUV DUH IROORZHGE\ DJURXSRI ILYH IDFWRUV WKDW
DUH HLWKHU DVVRFLDWHG ZLWK FRQWH[WXDO OHDUQLQJ RU SULRU
NQRZOHGJH DERXW WKH VXEMHFW PDWWHU 7KH OLVW RI IDFWRUV LV
FORVHG RXW E\ VL[ VLQJOH YDULDEOHV WKDW DUH HLWKHU DVVRFLDWHG
ZLWK SULRU H[SHULHQFH RI YDULRXV NLQGV RU SULRU NQRZOHGJH
DERXWWKHFRUHWHFKQRORJ\WKDWLVXQGHUGHYHORSPHQW
7DEOHGLVSOD\VWKHUHVXOWVRIWKHUHJUHVVLRQH[HUFLVH,W
VKRZVWKDWWKHILYHRXWSXWYDULDEOHVKDYHGLIIHUHQWSUHGLFWLYH

7KHLQWHUDFWLRQPRGHOGRHVQRWFRYHU),9FRQWH[WXDOOHDUQLQJDERXWRWKHU
5	'SURMHFWJURXSVZLWKLQWKHQDWLRQDOODERUDWRULHV)09SULRUHGXFDWLRQ
DWORFDOXQLYHUVLWLHVDQG)09SULRUHGXFDWLRQDWIRUHLJQXQLYHUVLWLHV
SRZHUDQGH[SODQDWRU\SRZHUDQGWKDWWKHUHJUHVVLRQPRGHOV
WKDW LQFOXGH NQRZOHGJH LQIORZV WHQG WR KDYH JUHDWHU
H[SODQDWRU\SRZHUWKDQWKHRQHVWKDWGRQRW2XWSXWYDULDEOH
29²WKHSUREDELOLW\RIJHQHUDWLQJDWOHDVWRQHSDWHQWIURP
DSURMHFW²FOHDUO\KDVWKHORZHVWSUHGLFWLYHSRZHURIDOOILYH
RXWSXWYDULDEOHV 7KH &R[	 6QHOO 5 DQG WKH 1DJHONHUNH¶V
5DUHEHORZIRUPRGHOVWKURXJKPHDQLQJWKDWWKHVH
PRGHOVFDQQRWH[SODLQRI WKHYDULDQFH ,QPRGHO WKH
&KL6TXDUH LV QRW VLJQLILFDQW DW WKH OHYHO RI S  7KH
UHPDLQLQJRXWSXWYDULDEOHV292929DQG29
 KDYH D UHODWLYHO\ KLJK H[SODQDWRU\ SRZHU IRU PRGHOV WKDW
LQYROYH NQRZOHGJH LQIORZ +RZHYHU PRGHOV  DQG 
ZKLFK H[FOXGH DOO IDFWRUV WKDW DUH H[RJHQRXV WR WKHQDWLRQDO
ODERUDWRULHV KDYH D VLJQLILFDQWO\ ORZHU H[SODQDWRU\ SRZHU
:KHQ FRPSDUHG WR PRGHO  PRGHOV  DQG  DUH
SDUWLFXODUO\ ZHDN LQGLFDWRUV RI XVHU VDWLVIDFWLRQ SUREDELOLW\
RIFRPPHUFLDOL]DWLRQDQGSUREDELOLW\RISXEOLFDWLRQ
1RWVXUSULVLQJO\WKHH[SODQDWRU\SRZHURIWKHUHJUHVVLRQ
PRGHOV LQFUHDVHVDVPRUHYDULDEOHVDUHDGGHG+RZHYHU WKH
GLIIHUHQFHV LQ H[SODQDWRU\ SRZHUV YDU\ VLJQLILFDQWO\ IURP
PRGHO WRPRGHO0RGHO WKH LQWHJUDWHGPRGHOKDVDPXFK
JUHDWHUH[SODQDWRU\SRZHUWKDQPRGHOVDQGPRGHO
 WKH LQWHUDFWLRQ PRGHO KDV D VOLJKWO\ JUHDWHU H[SODQDWRU\
SRZHU WKDQPRGHO ,W VKRXOG DOVREHQRWHG WKDW IRURXWSXW
YDULDEOHV292929DQG29PRGHOWKHLQWUD
RUJDQL]DWLRQ EDVHOLQH GRHV QRW VKRZ PXFK RI DQ
LPSURYHPHQW RYHU PRGHO  WKH SURMHFW JURXS EDVHOLQH
(YLGHQWO\ LQFOXGLQJ NQRZOHGJH LQIORZV IURP RWKHU 5	'
SURMHFW JURXSV LQ D UHJUHVVLRQ PRGHO GRHV QRW VLJQLILFDQWO\
LQFUHDVHWKHH[SODQDWRU\SRZHURIWKHPRGHO

9&21&/86,216$1'',6&866,21

7KHHPSLULFDOVWXG\WKDWKDVEHHQGHVFULEHGLQWKLVSDSHU
ILQGV WKDW UHJDUGOHVV RI PLVVLRQ NQRZOHGJH IURP H[WHUQDO
VRXUFHVLPSDFWVSHUIRUPDQFHPRUHVLJQLILFDQWO\WKDQLQWHUQDO
NQRZOHGJHGRHV7KHLPSDFWRQSHUIRUPDQFHLVJUHDWHVWZKHQ
NQRZOHGJH IURP LQWHUQDO DQG H[WHUQDO VRXUFHV LV XVHG LQ
FRQMXQFWLRQ :H FRQVHTXHQWO\ WU\ WR PDNH WKH FDVH IRU DQ
RSHQ LQQRYDWLRQ SROLF\ >@ IRU WKH QDWLRQDO ODERUDWRULHV LQ
WHFKQRORJ\ ODWHFRPHU FRXQWULHV DQG IRU LPSOHPHQWLQJ
SUDFWLFHVWKDWHQKDQFHWKHFDSDFLW\WRDEVRUENQRZOHGJH>@
WKDW IORZV LQWR WKH QDWLRQDO ODERUDWRULHV IURP H[WHUQDO
VRXUFHV :H ILQG WKDW RXU VWXG\ KDV QRUPDWLYH LPSOLFDWLRQV
IRUPDQDJHPHQWSUDFWLFHZKLFKDUHGHQRWHGEHORZ
)LUVWO\ WKH IDFWRU DQDO\VLV VKRZV WKDW UHJDUGOHVV RI
NQRZOHGJHVRXUFHYLFDULRXVOHDUQLQJDFWLYLWLHVH[SODLQPRUH
RI WKH REVHUYHG YDULDQFH WKDQ FRQWH[WXDO OHDUQLQJ DFWLYLWLHV
7KLVLPSOLHVWKDWWKHQDWLRQDOODERUDWRULHVFRXOGEHQHILWIURP
LPSOHPHQWLQJSURJUDPVWKDWHQKDQFHWKHDELOLW\RILQGLYLGXDO
5	' SURMHFW JURXSV WR OHDUQ YLFDULRXVO\ LH WR HQJDJH LQ
IDFHWRIDFHPHHWLQJVDQGGHYHORSSHUVRQDOUHODWLRQVKLSVZLWK
SHUVRQQHORXWVLGHWKHJURXS
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7$%/(6800$5<2)35(',&7,9(32:(52)02'(/6$1' 
3OHDVHQRWHWKDWµ"5DGMXVW¶µ"&R[	6QHOO5¶DQGµ"1DJHONHUNH5¶UHVSHFWLYHO\GHQRWHWKHGLIIHUHQFHVEHWZHHQPRGHOVDQG
RQWKHRQHKDQGDQGPRGHORQWKHRWKHUKDQGIRUWKHSDUDPHWHUVµ5DGMXVW¶µ&R[	6QHOO5¶DQGµ1DJHONHUNH5¶

6HFRQGO\ RXU VWXG\ KDV VKRZQ WKDW WKH SUREDELOLW\ RI
JHQHUDWLQJDSDWHQW 29 ODFNVH[SODQDWRU\SRZHUZKLFK
VXJJHVWVWKDWSDWHQWLQJLVQRWDVWURQJIXQFWLRQRINQRZOHGJH
LQIORZV 2WKHU IDFWRUV SHUKDSV HFRQRPLF LQFHQWLYHV GULYH
WKHJHQHUDWLRQRIDSDWHQW7KHVHIDFWRUVQHHGWREHLGHQWLILHG
DQGKDUQHVVHG LI WKHQDWLRQDO ODERUDWRULHVZDQW WRPDNH WKH
DELOLW\WRJHQHUDWHSDWHQWVDNH\FRPSRQHQWRIWKHH[SHULHQFH
EDVH WKDW UHVSRQGV WR WKH GHPDQGV RI WKH IXWXUH RI WKH
FRXQWU\
0RUH LPSRUWDQWO\ RXU VWXG\ ILQGV WKDW WKHGLIIHUHQWLDO LQ
H[SODQDWRU\ SRZHU EHWZHHQ NQRZOHGJH LQIORZ EDVHOLQH
PRGHO  DQG WKH SURMHFW JURXS EDVHOLQH PRGHO  ZDV
PXFK JUHDWHU WKDQ WKH RQH WKDW ZDV REVHUYHG EHWZHHQ WKH
LQWUDRUJDQL]DWLRQEDVHOLQHPRGHODQGWKHSURMHFWJURXS
EDVHOLQH 7KLV REVHUYDWLRQ VXJJHVWV WKDW SHUIRUPDQFH DV
&ULWHULD
0RGHO
.QRZOHGJH
,QIORZ%DVHOLQH
0RGHO
3URMHFW*URXS
%DVHOLQH
0RGHO
,QWUD
2UJDQL]DWLRQ
%DVHOLQH
0RGHO
,QWHJUDWHG
0RGHO
0RGHO
,QWHUDFWLRQ
0RGHO
0LVVLRQ8VHU6DWLVIDFWLRQ
5     
5DGMXVW     
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
PHDVXUHGE\XVHUVDWLVIDFWLRQVXFFHVVDWFRPPHUFLDOL]DWLRQ
WKH SURSHQVLW\ IRU SXEOLFDWLRQ DQG YHUVDWLOLW\ RI WHFKQRORJ\
GHSHQGV VLJQLILFDQWO\ PRUH RQ NQRZOHGJH LQIORZ LQWR WKH
QDWLRQDOODERUDWRULHV>@>@WKDQRQNQRZOHGJHH[FKDQJHV
EHWZHHQSURMHFWJURXSVZLWKLQWKHQDWLRQDO ODERUDWRULHV>@
>@>@7KLVLPSOLHVWKDWWKHLPSDFWRIFROODERUDWLYHHIIRUWV
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Appendix A.1: General information about projects in the national laboratories 

Appendix A.2: Questions Pertaining to Output Variables  

 
Appendix A.3: Questions Pertaining to Contextual Learning Activities [22] (Input Variables) 

 
 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
3URMHFW,' 3URMHFW,'
%DVLFUHVHDUFK %DVLFBVWJ  45	'VWUDWHJ\3OHDVHFODVVLI\WKHSURMHFWE\VWDJHRI
WHFKQRORJLFDOGHYHORSPHQWE\XVLQJWKHGHILQLWLRQVIURPEHORZ
$SSOLHGUHVHDUFK $SSBVWJ 
'HYHORSPHQWDQGGHPRQVWUDWLRQ ''BVWJ 
%LRWHFKQRORJ\ %LRBWHFK  43OHDVHFODVVLI\WKHSURMHFWE\WHFKQRORJ\W\SH
0DWHULDODQG1DQRWHFKQRORJ\ 01BWHFK 
(PEHGGHGDQGVRIWZDUHWHFKQRORJ\ (6BWHFK 
1XPEHURISURMHFWJURXSPHPEHUV 12BPHP  41XPEHURIIXOOWLPHPHPEHUVZRUNLQJRQWKLVSURMHFW
1XPEHURI3K'LQSURMHFWJURXS 12B3K'  41XPEHURIIXOOWLPHPHPEHUVZRUNLQJRQWKLVSURMHFWZLWK
3K'DVWKHKLJKHVWGHJUHH
1XPEHURI06FLQSURMHFWJURXS 12B06F  41XPEHURIIXOOWLPHPHPEHUVZRUNLQJRQWKLVSURMHFWZLWK
0DVWHUVDVWKHKLJKHVWGHJUHH
 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
0LVVLRQ8VHU6DWLVIDFWLRQ 29B6DWB/78V  4%DVHGRQWKHUHVXOWVRIWKLVSURMHFWGR\RXWKLQNWKDWWKH
WDUJHWHGFXVWRPHUVRIWKLVSURMHFWZLOOKDYHDQRWKHUFROODERUDWLYH
SURMHFWZLWK\RXUSURMHFWJURXSLQWKHQHDUIXWXUH"
0LVVLRQ3UREDELOLW\RI&RPPHUFLDOL]DWLRQRI
7HFKQRORJ\
29B3UREB5HY  4,VWKHUHDQ\LQFRPHLQNLQGDQGLQFDVKH[SHFWHGWRUHVXOW
IURPWKLVSURMHFW"3OHDVHHVWLPDWHH[SHFWHGLQFRPHRIWKLVSURMHFW
0LVVLRQ3UREDELOLW\RI*HQHUDWLQJ
3XEOLFDWLRQ
29B3UREB-U3XE  4$UHWKHUHDQ\SXEOLFDWLRQVH[SHFWHGWRUHVXOWIURPWKLV
SURMHFW"3OHDVHHVWLPDWHWKHQXPEHURISXEOLFDWLRQV
3XEOLFDWLRQVLQMRXUQDOVZLWKLPSDFWIDFWRUKLJKHUWKDQ
3XEOLFDWLRQVLQMRXUQDOVZLWKLPSDFWIDFWRUKLJKHUWKDQ
3XEOLFDWLRQVLQMRXUQDOVZLWKFLWDWLRQLQGH[
3URFHHGLQJLQLQWHUQDWLRQDOFRQIHUHQFH
3URFHHGLQJLQGRPHVWLFFRQIHUHQFH
%RRN
2WKHUSOHDVHLGHQWLI\«««««««««««
0LVVLRQ3UREDELOLW\RI*HQHUDWLQJ,QWHOOHFWXDO
3URSHUW\
29B3UREB3DWHQW  4$UHWKHUHDQ\SDWHQWVH[SHFWHGWRUHVXOWIURPWKLVSURMHFW"
3OHDVHHVWLPDWHWKHQXPEHURISDWHQWVWKDWLVH[SHFWHGWRUHVXOW
0LVVLRQ9HUVDWLOLW\RI7HFKQROROJ\ 29B9HUB7HFK  43OHDVHLGHQWLI\DVPXFKDVSRVVLEOHWKHVWUDWHJLFSURJUDPVRI
1/7/&LQZKLFKWKHRXWSXWRIWKLVSURMHFWFDQEHDSSOLHG
 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
&RQWH[WXDOOHDUQLQJZLWKRWKHU5	'XQLWV ,9B25'8B&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRU
WHFKQLFDOLGHDVLQLQWHUQDOUHSRUWVLQVLGH1/7/&
&RQWH[WXDOOHDUQLQJZLWKORFDOXQLYHUVLWLHV ,9B/RF8QLYB&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRU
WHFKQLFDOLGHDVLQSDSHUVUHSRUWVDQGZHEVLWHVSXEOLVKHGE\
XQLYHUVLWLHVLQVLGHWKHFRXQWU\
&RQWH[WXDOOHDUQLQJZLWKLQWHUVRXUFHV ,9B,QDW6UFB&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRU
WHFKQLFDOLGHDVLQSDSHUVUHSRUWVDQGZHEVLWHVWKDWZHUH
SXEOLVKHGE\IRUHLJQXQLYHUVLWLHVDQGIRUHLJQRZQHGFRPSDQLHV
&RQWH[WXDOOHDUQLQJZLWKWHFKQRORJ\XVHUV ,9B/78VB&/$  47RXQGHUVWDQGWKHQHHGVRIRXUWDUJHWHGFXVWRPHUVDWOHDVW
VRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRUWHFKQLFDO
UHTXLUHPHQWVLQLQGXVWU\QHZVOHWWHUVEXOOHWLQVZHEVLWHVDQGWUDGH
&RQWH[WXDOOHDUQLQJZLWKRWKHU5	'XQLWV ,9B25'8B&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRUGDWD
RQZKDWRWKHUWHDPVLQVLGH1/7/&ZHUHGRLQJRQVLPLODURU
FRPSOHPHQWDU\SURMHFWV
&RQWH[WXDOOHDUQLQJZLWKORFDOXQLYHUVLWLHV ,9B/RF8QLYB&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRUGDWD
RQZKDWRWKHUWHDPVDWXQLYHUVLWLHVLQVLGHWKHFRXQWU\ZHUHGRLQJ
RQVLPLODURUFRPSOHPHQWDU\SURMHFWV
&RQWH[WXDOOHDUQLQJZLWKLQWHUVRXUFHV ,9B,QDW6UFB&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRUGDWD
RQZKDWRWKHUWHDPVDWIRUHLJQXQLYHUVLWLHVDQGIRUHLJQRZQHG
FRPSDQLHVZHUHGRLQJRQVLPLODURUFRPSOHPHQWDU\SURMHFWV
&RQWH[WXDOOHDUQLQJZLWKWHFKQRORJ\XVHUV ,9B/78VB&/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSORRNHGIRUGDWD
RQZKDWRXUWDUJHWHGFXVWRPHUVZHUHGRLQJRQVLPLODURU
FRPSOHPHQWDU\SURMHFWV
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Appendix A.4: Questions Pertaining to Vicarious Learning Activities [22] (Input Variables) 
3OHDVHQRWHWKDWZHREVHUYHGWZRIRUPVRIYLFDULRXVOHDUQLQJZLWKORFDOWHFKQRORJ\XVHUV2QHIRUPLQYROYHG/78VWKDWRZQHGSURGXFWLRQ
XQLWV38V7KHRWKHUIRUPRI/78FRQVLVWHGRIHQGXVHUV(8VZLWKRXWSURGXFWLRQXQLWV
 
Appendix A.5: Questions Pertaining to Prior Knowledge [21] (Moderating Variables)  

 
Appendix A.6: Questions Pertaining to Project-Internal Learning Activities [14]-[18] (Moderating Variables) 

 
Appendix A.7: Questions Pertaining to Prior Experience [20] (Moderating Variables)  

 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
9LFDULRXVOHDUQLQJZLWKRWKHU5	'XQLWV ,9B25'8B9/$  4([SHUWVZLWKLQ1/7/&WDONHGWRRXUSURMHFWJURXSDERXWWKH
OHVVRQVOHDUQHGIURPWKHLUSDVWH[SHULHQFHV
9LFDULRXVOHDUQLQJZLWKORFDOXQLYHUVLWLHV ,9B/RF8QLYB9/$  4([SHUWVIURPXQLYHUVLWLHVLQVLGHWKHFRXQWU\WDONHGWRRXU
SURMHFWJURXSDERXWWKHOHVVRQVOHDUQHGIURPWKHLUSDVW
9LFDULRXVOHDUQLQJZLWKLQWHUVRXUFHV ,9B,QDW6UFB9/$  4([SHUWVIURPIRUHLJQXQLYHUVLWLHVDQGIRUHLJQRZQHG
FRPSDQLHVWDONHGWRRXUSURMHFWJURXSDERXWWKHOHVVRQVOHDUQHG
IURPWKHLUSDVWH[SHULHQFHV
9LFDULRXVOHDUQLQJZLWKSURGXFWLRQXQLWV ,9B/78V38B9/$  42XUWDUJHWHGFXVWRPHUVZKRKDYHSURGXFWLRQXQLWVWDONHGWR
RXUSURMHFWJURXSDERXWKRZWRGHYHORSWHFKQRORJ\WKDWLVVXLWDEOH
IRUWKHLUUHTXLUHPHQWV
9LFDULRXVOHDUQLQJZLWKLQHQGXVHUV ,9B/78V(8B9/$  42XUWDUJHWHGFXVWRPHUVZKRDUHHQGXVHUVWDONHGWRRXU
SURMHFWJURXSDERXWKRZWRGHYHORSWHFKQRORJ\WKDWLVVXLWDEOHIRU
WKHLUUHTXLUHPHQWV
9LFDULRXVOHDUQLQJZLWKRWKHU5	'XQLWV ,9B25'8B9/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSWDONHGWRH[SHUWV
ZLWKLQ1/7/&DERXWOHVVRQVOHDUQHGIURPRXUSDVWH[SHULHQFHV
9LFDULRXVOHDUQLQJZLWKORFDOXQLYHUVLWLHV ,9B/RF8QLYB9/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSWDONHGWRH[SHUWV
ZLWKLQXQLYHUVLWLHVLQVLGHWKHFRXQWU\DERXWOHVVRQVOHDUQHGIURP
RXUSDVWH[SHULHQFHV
9LFDULRXVOHDUQLQJZLWKLQWHUVRXUFHV ,9B,QDW6UFB9/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSWDONHGWRH[SHUWV
IURPIRUHLJQXQLYHUVLWLHVDQGIRUHLJQRZQHGFRPSDQLHVDERXW
OHVVRQVOHDUQHGIURPRXUSDVWH[SHULHQFHV
9LFDULRXVOHDUQLQJZLWKSURGXFWLRQXQLWV ,9B/78V38B9/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSWDONHGWRRXU
WDUJHWHGFXVWRPHUVZKRKDYHSURGXFWLRQXQLWVWRGHWHUPLQHZD\V
WRLPSURYHRXUSURMHFW
9LFDULRXVOHDUQLQJZLWKHQGXVHUV ,9B/78V(8B9/$  4$WOHDVWVRPHPHPEHUVRIRXUSURMHFWJURXSWDONHGWRRXU
WDUJHWHGFXVWRPHUVZKRDUHHQGXVHUVWRGHWHUPLQHZD\VWR
 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
3ULRUNQRZOHGJHLQFRUHWHFKQRORJ\ 09B3UH.QB&RUH  4+RZORQJZDV\RXUJURXSGHYHORSLQJWHFKQRORJ\WKDWLVGLUHFWO\
UHOHYDQWRUXVHIXOWRWKLVSURMHFW"
3ULRUNQRZOHGJHLQMRXUQDOSXEOLFDWLRQV 09B3UH.QB-U  4+RZPDQ\MRXUQDOSXEOLFDWLRQVWKDWZHUHGLUHFWO\UHOHYDQWRU
XVHIXOWRWKLVSURMHFWGLG\RXUSURMHFWJURXSJHQHUDWHEHIRUHWKLV
3ULRUNQRZOHGJHLQSDWHQWV 09B3UH.QB3DW  4+RZPDQ\SDWHQWVWKDWZHUHGLUHFWO\UHOHYDQWRUXVHIXOWRWKLV
SURMHFWGLG\RXUSURMHFWJURXSJHQHUDWHEHIRUHWKLVSURMHFWEHJDQ"
3ULRUNQRZOHGJHOHYHORISURMHFWJURXS 09B3UH.QB/HY  43ULRUWRWKHVWDUWRIRXUSURMHFWRXUSURMHFWJURXSJHQHUDWHGD
ORWRISDWHQWVDQGSXEOLFDWLRQVWKDWDUHUHOHYDQWWRWKLVSURMHFW
 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
3URMHFWLQWHUQDOOHDUQLQJDFWLYLW\ 09B3,/$  42XUSURMHFWJURXSWRRNWLPHWRILJXUHRXWZD\VWRLPSURYHRXU
ZRUNSURFHVV
3URMHFWLQWHUQDOOHDUQLQJDFWLYLW\ 09B3,/$  42XUSURMHFWJURXSWRRNWLPHWRPRQLWRURXUSURMHFW¶VZRUN
SURJUHVV
3URMHFWLQWHUQDOOHDUQLQJDFWLYLW\ 09B3,/$  4,QGLYLGXDOVZLWKLQRXUSURMHFWJURXSVSRNHXSWRFKDOOHQJH
WHFKQLFDODVVXPSWLRQVFRQFHUQLQJLVVXHVWKDWZHUHXQGHU
GLVFXVVLRQDPRQJPHPEHUVRIRXUSURMHFWJURXS
3URMHFWLQWHUQDOOHDUQLQJDFWLYLW\ 09B3,/$  47KHSURMHFWJURXSLPSOHPHQWHGVXJJHVWLRQVPDGHE\WHDP
PHPEHUV
 &RGH 1 4XHVWLRQV
RUGHULQTXHVWLRQQDLUH
3ULRUH[SHULHQFHLQHGXFDWLRQIURPLQWHUQDWLRQDO
VRXUFHVRINQRZOHGJH
09B3U([SB
(GB,QDW6UF
 4$WOHDVWRQHRIRXUSURMHFWJURXSPHPEHUVKDVKDGYHU\
H[WHQVLYHHGXFDWLRQDOH[SHULHQFHDWDIRUHLJQXQLYHUVLW\RQVXEMHFW
PDWWHUWKDWLVUHOHYDQWWRWKLVSURMHFW
3ULRUH[SHULHQFHLQHGXFDWLRQIURPORFDOVRXUFHV
RINQRZOHGJH
09B3U([SB(GB
/RF8QLY
 4$WOHDVWRQHRIRXUSURMHFWJURXSPHPEHUVKDGYHU\H[WHQVLYH
HGXFDWLRQDOH[SHULHQFHDWDGRPHVWLFXQLYHUVLW\RQVXEMHFWPDWWHU
WKDWLVUHOHYDQWWRWKLVSURMHFW
3ULRUH[SHULHQFHLQZRUNLQJIURPLQWHUQDWLRQDO
VRXUFHVRINQRZOHGJH
09B3U([SB:NB
,QDW6UF
 4$WOHDVWRQHRIRXUSURMHFWJURXSPHPEHUVKDGYHU\H[WHQVLYH
ZRUNLQJH[SHULHQFHDEURDGRQVXEMHFWPDWWHUWKDWUHOHYDQWWRWKLV
3ULRUH[SHULHQFHLQZRUNLQJZLWKORFDOWHFKQRORJ\
XVHUV
09B3U([SB:NB
/78V
 4$WOHDVWRQHRIRXUSURMHFWJURXSPHPEHUVKDGYHU\H[WHQVLYH
ZRUNLQJH[SHULHQFHZLWKRXUWDUJHWHGFXVWRPHUVRQVXEMHFWPDWWHU
WKDWLVUHOHYDQWWRWKLVSURMHFW
3ULRUH[SHULHQFHLQZRUNLQJZLWKRWKHU5	'XQLWV 09B3U([SB:NB
25'8
 4$WOHDVWRQHRIRXUSURMHFWJURXSPHPEHUVKDGYHU\H[WHQVLYH
ZRUNLQJH[SHULHQFHZLWKRWKHUSURMHFWVZLWKLQ1/7/&RQVXEMHFW
PDWWHUWKDWLVUHOHYDQWWRWKLVSURMHFW
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Appendix B: Versatility of Technology  

4XHVWLRQ4DVNVWKHIROORZLQJRIWKHUHVSRQGLQJSURMHFWPDQDJHU³7RZKLFKRIWKHIROORZLQJJRYHUQPHQWVXSSRUWHGSURJUDPVFRXOGWKH
WHFKQRORJ\WKDWLVXQGHUGHYHORSPHQWLQ\RXUSURMHFWJURXSEHDSSOLHG"´

D 7KH5LFH3URJUDP
E 7KH7DSLRFD3URJUDP
F 7KH5XEEHU3URJUDP
G 7KH6HHG3URJUDP
H 7KH3ODQWVIRUWKH)XWXUH3URJUDP
I 7KH$QLPDO3URGXFWLRQDQG$QLPDO+HDOWK3URJUDP
J 7KH)RRG,QQRYDWLRQ3URJUDP
K 7KH1HZO\(PHUJLQJ'LVHDVH5HHPHUJLQJ'LVHDVH3URJUDP
L 3UHYHQWLYHSUHGLFWLYHDQGSHUVRQDOL]HGPHGLFLQH
M +HDOWKFDUHSUDFWLFHDQGPHGLFDOGHYLFHV
N 7KH*HQRW\SH7HFKQRORJ\3URJUDP
O $VVLVWLYH'HYLFHVDQG7HFKQRORJLHVIRU3HRSOHZLWK'LVDELOLWLHVDQG7KH(OGHUO\3URJUDP
P 7KH6XVWDLQDEOH(QYLURQPHQW3URJUDP
Q 7KH5HVRXUFHDQG(QHUJ\(IILFLHQF\3URJUDP
R 7KH5HQHZDEOH(QHUJ\DQG1HZ7HFKQRORJ\5HVHDUFK3URJUDP
S 7KH7HFKQRORJ\IRU5XUDO'HYHORSPHQW3URJUDP
T 7KH%LRUHVRXUFHV3URJUDP
U 7KH+DUG'LVN'ULYH,QGXVWU\5HVHDUFK3URJUDP
V 7KH$LUFRQGLWLRQLQJDQG5HIULJHUDWRU,QGXVWU\3URJUDP
W 7KH$XWRPRWLYHDQG$XWRPRWLYH3DUWV,QGXVWU\3URJUDP
X 'LJLWDOHQJLQHHULQJ
Y 6HQVRUDQGLQWHOOLJHQWV\VWHP
Z )XQFWLRQDOPDWHULDOV
[ 6HUYLFHUHVHDUFKDQGLQQRYDWLRQ
\ 2WKHUSOHDVHLGHQWLI\««««««««««««««««««««

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Appendix C: Factor Analysis and Cumulative Variance Explained 
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Appendix D: How Variables Map onto Factors 
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